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We, Brown Machine Company of Mi- 
chigan, Inc., a corporation organized under 
the laws of the State of Michigan, United 
States of America, of 330 North Ross Street, 
Beaverton, Michigan, United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described, in and 
by the following statement : — 

This invention relates to methods of and 
apparatus for preparing a thermoplastic plas- 
tics sheet for differential pressure forming 
while transporting it through a forming ma- 
chine to the forming station, and more particu- 
larly to plastic sheet conveying and heating 
apparatus for differential pressure forming ma- 
chines for conveying a continuous, thermoplas- 
tic, organic plastic sheet from a roll or from 
a sheet extruding machine to and through a 
heating zone where the sheet is treated pre- 
paratory to ks entering a molding or forming 
zone where parts are formed from the sheet. 
The invention is particularly concerned with 
a method of preventing the sheet from sagging 
because of die width wise thermal expansion 
which occurs in the sheet as it passes through 
the heating zone. Sagging has not been a prob- 
lem in forming sheets of polystyrene which 
may be biaxially stretched while passing 
through the heating zone in the manner indi- 
cated in United States Patent No. 3,121,916. 
However, polyolefin plastics such as linear 
polyethylene cannot be stretched in this man- 
ner prior to the forming operation because 
stretching causes a differential shrinkage to 
occur in the formed parts when the parts cool, 
which warps the parts. 

In the process of molding articles from 
polyolefin plastic sheet stock, the stock is nor- 
mally incrementally advanced by parallel con- 
veyors which grip the sheet at its opposite 
sides and convey it toward a molding zone 
{Price 4s. 6d.] 



where dies form articles from the sheet Prior 
to being introduced to the molding zone, the 
sheet is passed through a heating zone to bring 
it to a proper temperature for forming. As 
the sheet is brought to the desired forming 
temperature, it will gradually expand, and this 
expansion, or elongation, in a widthwise direc- 
tion will cause the unsupported mid-portion 
of the sheet to gradually sag as it passes 
through the heating zone. This sagging of the 
sheet causes undue and non-uniform stretching 
to occur in the sheet because of the unevenly 
distributed weight of the sagged portion and 
the result is that defective parts are formed 
with varying wall thicknesses and/or wrinkles 
and these parts are undesirable and represent 
wasted production. Further, because the stretch 
occurs principally in localized areas of the 
sheet, parts formed from these areas will be 
of reduced wall thickness relative to parts 
formed from other portions of the sheet, and 
the design of machinery for further processing 
all the parts formed is accordingly complicat- 
ed. 

An object of this invention is to provide 
sheet conveying apparatus of the character de- 
scribed with means for preventing the sagging 
of the sheet stock which would otherwise occur 
with heating of the material to a forming 
temperature as it is conveyed through the heat- 
ing zone. 

A further object of the invention is to pro- 
vide sheet conveying apparatus with sag pre- 
vention means of this type which can be easily 
incorporated in present molding machinery, 
and which is simple and inexpensive to con- 
struct. 

Other objects and advantages of the inven- 
tion will be pointed out specifically or will 
become apparent from the following descrip- 
tion when it is considered in connection with 
the appended claims and the accompanying 
drawings, in which: 
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Figure 1 is a side elevational view of a 
differential pressure forming mftrhirn> incor- 
porating the invention; 

Figure 2 is an enlarged top plan view of 
5 the sheet conveying means only; 

Figure 3 is an enlarged, front end elevation- 
al view of one of the sheet conveying elements; 

Figure 4 is a fragmentary, top plan view 
thereof; 

10 Figure 5 is a fragmentary, side elevational 
view thereof; and 

Figure 6 is a fragmentary, rear end eleva- 
tional view illustrating the sheet conveyor drive 

15 ^^feferxiBgjM W more particularly to the ac- 
companying drawings in wnich only a pre=~ 
ferred embodiment of the invention is shown, 
a numeral 10 generally indicates the differen- 
tial pressure forming machine, which includes 

20 a frame 11 supporting a bank of upper and 
lower heating units generally designated 12, 
sheet gripping and conveying means generally 
designated 13, conveyor advancing drive 
means generally designated 14, and a forming 

25 station defined by vertical columns 15 on 
which vertically reciprocating upper and lower 
forming die platens 16 and 17 are moved 
toward and away from one another in the 
forming operation. The differential pressure 

30 forming machine, with the exception of the 
invention disclosed in the present application, 
is completely described in applicant's British 
Specifications Nos. 1,029,895 and 1,024,714. 
Hie thermoplastic sheet stock 18 is moved 

35 by the gripping and conveying means 13 
between the banks of heating lamps 12a 
mounted by the heating units 12 to the form- 
ing station in the direction indicated by the 
arrows "a** in Figure 1. 

40 As shown in Figures 2 — 5, the sheet grip- 
ping and conveying means 13 includes a pair 
of spaced apart, main support channels or rails 

19 having laterally extending brackets 20 
which adjustably mount the rails 19 on the 

45 frame 11 by means of bolts 21. Each bracket 

20 has an elongated slot 22 which permits 
adjustment of the rails 19 for various widths 
of sheet stock. A plurality of openings 23 

S Figure 3) are provided in the web portions 
9a of the side rails 19 and are used for 
mounting threaded stock guide rail support 
studs 24 and threaded sprocket and chain 
guide support studs 25, both of which are 
secured by nuts 26. The stock guide rail as- 
55 sembly generally designated 27 which is pro- 
vided at each side of the machine to ™*»ntain 
the horizontal position of the plastic sheet 18 
comprises guide rails having associated cooling 
tabes 29 that are clamped in place between 
60 the guide rails 28 and plates 30 by nuts 31 
on the studs 24. The function of the cooling 
tubes 29 is to maintain the temperature of 
the guide rails 28 below a predetermined tem- 
perature and is more completely described in 



the applicant's copending patent application 65 
No. 41528/64 Serial No. 1,062,419. 

As shown in Figure 3, a sprocket and chain 
guide support means 32 is adjustably secured 
to each rail 19 by the studs 25 and adjusting 
nuts 26. Each support means 32 includes a 70 
longitudinal rear portion 32a, an intermediate, 
outwardly extending, divergent portion 32b, 
and a longitudinal front portion 32c as shown 
in Figure 2, and each portion or length may 
be adjusted independently, if desired. If the 75 
portions 32a, 32b, and 32c are separately sup- 
ported for relative adjusting movement, sep- 
arate guide rails 28, cooling tubes 29, and 
plates 30 are also provided for each portion. 
~A~-series-of idler sprockets 33 are rotatably 80 
mounted on the support means 32 by means 
of threaded boh shafts 34 and nuts 34a. Also 
bolted to the supports 32 are angle members 
35 which support chain guide shoes 36 for 
the endless chains 37 which are trained around 85 
the line of sprockets 33 at each side of the 
machine. It will be noted that laterally extend- 
ing lugs 38 are provided on certain spaced 
apart chain links 39 and that these lugs 38 
mount upright pins 40 which are adapted to 90 
engage and penetrate the edges of the plastic 
sheet 18. 

As shown in Figure 6, the front end sprock- 
ets 33a are mounted on vertical shafts 41 
which are journaled by bearings 42 and 43. 95 
A bevel gear 44 is secured to the lower end 
of each shaft 41 and is engaged with a mating 
bevel gear 45 which in turn is secured to 
a horizontal drive shaft 46. The drive shaft 
46 is intermittently operated by the rack and 100 
pinion mechanism 47 to advance the sheet 
18 incremen t all y in the manner described in 
the aforementioned British Specification No. 
1,024,714. Successive portions of the sheet are 
advanced to the forming zone and are held 105 
in stationary position for a length of time 
sufficient to permit the die platens 16 and 

17 to move together and form the sheet, and 
thence to separate once again. A guide shelf 

48 (see Figures 2 and 5) supported by the no 
frame 11 is provided to assist the sheet 18 
into the machine and to prevent the sheet 

18 from engaging the pins 40 until the pins 
40 have completed their turn around the rear 
end idler sprockets 33. The guide rails 28 115 
are provided with downwardly inclined sur- 
faces 28a at their rear ends to force the sheet 

1I8 downwardly so that it is penetrated by 
the pins 40, and are provided with similar 
upwardly inclined surfaces at their front ends 120 
which permit the sheet 18 to raise off the 
pins 40. Also, at the from end of the machine, 
stripper guides 49 (see Figures 2 and 6) are 
provided an the rails 19 to positively raise 
the sheet 18 from the pins 40 as the sheet 125 
18 leaves the machine. 

In operation the thermoplastic sheet 18 is 
fed into the machine between the guide shelf 
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48 and the downwardly inclined ends 28a of 
guide rails 28. The stock gradually becomes 
timpaled on pins 40 as it follows the lower 
surfaces of guides 28, This insures that the 
gK 5 stock will be advanced without any possibility 

of slipping. The sheet is advanced incremental- 
ly through the heating and molding areas to 
die front end of the machine, where the under- 
side of the sheet is engaged by stripper guides 

10 49 to remove the sheets 18 from pins 40. 

As shown in Figure 2, the support rail por- 
tions 32a which mount the front sprockets 33 
are adjusted to the width of the mmmmg 
sheet 18 and are parallel to each other. The 

15 support portions 32b diverge as the sheet 
moves through the heating area 12 just enough 
to take up the widthwise thermal expansion 
which occurs when the sheet 18 is heated and 
prevents the mid-portion of the sheet 18 from 

20 sagging. The divergence of the portions 32b 
is not extreme enough to itself stretch the 
plastic sheet 18 widthwise, however. Front sec- 
tions of the support portions 32a and substan- 
tially the entire portions 32b extend between 

25 the upper and lower heating lamps 12a. The 
support portions 32c which extend from the 
rear end of the molding station F through 
to the front end of the machine are parallel 
but are spaced farther apart than the portions 

30 32a to accommodate the increased width of 
the sheet 

To set up the machine, it is necessary to 
know the amount of growth or widthwise ex- 
pansion of the sheet 18 which will take place 

35 as a direct result of heating the plastic sheet 
18 to a forming temperature. This can be 
calculated or determined by experimentation. 
After this determination is made, the support 
portions 32b are then adjusted to diverge by 

40 an amount which is exactly equal to the growth 
which will be obtained. The conveyor chains 
37, when carefully adjusted, will prevent ther- 
mal elongation of the sheet 18 from causing 
sagging but will not stretch the sheet, thus 

43 enabling a far better control over the quality 
of the parts produced than could formerly be 
attained. The bearings 43 and bevel gears 45 
may be adjusted horizontally so that the shafts 
41 can be maintained in a vertical position 

50 when the s uppo rt portions 32c are adjusted. 
WHAT WE CLAIM IS : — 

^ — ■ 1. A method of preparing thermoplastic 

plastics sheet for differential pressure forming 
including the steps of: applying gripping 
y 55 means to a longitudinally extending sheet at 
each of its side edges, moving the gripping 
means longitudinally in a parallel direction 



while applying heat to the surface area of 
the sheet, then, while continuing to apply heat 
to bring the sheet to a forming temperature, 60 
moving the gripping means longitudinally and 
laterally outwardly at a rate which takes up 
the thermal widthwise expansion of the heated 
sheet but imparts substantially no widthwise 
stretching pull to the sheet; and moving the 65 
sheet to the forming zone. 

2. The method as set forth in claim 1 where- 
in each gripping means oh a side of the sheet 
is moved longitudinally in parallel relation to 

the other gripping means to move the sheet 70 
to the forming zone, and the forming step 
is then substantially immediately performed. 

3. Apparatus for preparing thermoplastic 
plastics sheet for differential pressure forming 
comprising means adapted to grip a longitudi- 75 
nally extending sheet at its side edges, means 

to move said gripping means longitudinally 
(through paths in which the gripping mp«i« 
of each edge first move parallel, then on di- 
verging paths, and finally move parallel into 80 
a forming station, units adapted to apply heat 
to a sheet when held by the gripping means 
as it moves between said paths during their 
first parallel and divergent portions, the rate 
of divergence of the paths being substantially 85 
equal to the rate of thermal expansion of a 
sheet subjected to the heating means. 

4. Apparatus according to claim 3 wherein 
each gripping means comprises an endless con- 
veyor chain having upstanding pins thereon 90 
for penetrating the side edges of the plastic 
sheet 

5. Apparatus according to claim 4 wherein 
the conveyor chains comprise parallel sections 
separated by sections diverging toward the 95 
forming zone; and the sections are mounted 

for relative transverse adjustment. 

6. A method for preparing thermoplastic 
plastics sheet for differential pressure forming 
substantially as hereinabove described with ref- 100 
erence to the accompanying drawings. 

7. Apparatus for preparing thermoplastic 
plastics sheet for differential pressure forming * 
constructed and adapted to operate substantial- 
ly as hereinabove described with reference to 105 
the accompanying drawings. 

8. A differential pressure forming machine 
incorporating apparatus as claimed in any of 
Claims 3 to 5, or 7. 

For the Applicants, 
lOARPMAELS 8c RANSFORD, 
(Chartered Patent Agents, 
*24, Southampton Buildings, 
Chancery Lane, London, W.C2. 
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